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(Paper No. 2197.) 

‘ I  The Fishing-Boat Harbours of Fraserburgh, Sandhaven, 
arid Portsoy, on the North-East Coaxt of Scotland.” 

By JOHN WILLET, M. Inst. C.E. 

ALONG the whole line of coast lying between the  Firth of Forth 
and  Cromarty  Firth,  at  least 160 miles in  length,  little  natural 
protection exists for fishing-boats. The remarkable development, 
however, of the herring-fishery, during  the  last  thirty years, has 
induced Harbour Boards and owners of private harbours, a t  
several places along  the Aberdeenshire and Banffshire coasts, to 
improve the  shelter  and increase the accommodation of their 
harbours, in  the design and execution of which works the  Author 
has been engaged for the  last  twelve years. 

FIXASERBURGH HARBOUR. 
Fraserburgh  may be regarded as t,he chief Scottish port of the 

herring-fishery. In 1854, the boats hailing from Fraserburgh 
during  the fishing season were three  hundred  and eighty-nine, and 
in 1885  seven hundred  and forty-two,  valued with  their  nets  and 
lines  at S’255,OOO ; meanwhile the  revenue of the  harbour increased 
from 51,743  in 1854 to 59,281 in 1884. The town and  harbour  are 
situated on the  west side of Fraserburgh Bay, which faces north- 
north-east, and is about 2 miles long  and 1 mile broad. The 
harbour is sheltered  by  land, except  between  north-west and east- 
south-east. The winds from north round to east bring  the heaviest 
seas into  the harbour. The flood-tide sets from Kinnaird Head, a t  
the  western  extremity of the  bay,  to  Cairnbulg  Point at   the east, 
with a  velocity of 24 knots  an  hour ; and  the ebb-tide runs  in a 
north-easterly direction from the end of the  breakwater.  The 
harbour comprises three basins  along the foreshore, two of which, 
the  North  and  South  Harbours, were  constructed under  the Act of 
1818. The  third, or Balaclava Harbour,  was constructed in 1851 
,(Plate 6, Fig. 1). Four piers surround  the basins, having  an 
aggregate  length of about 3,700 feet, built of stone, partIy  dry  and 
partly  in mortar. The  entrance from the sea to  the  North 
Harbour is 70 feet wide, and  to  the Balaclava Harbour 95 feet; 
;the inner  entrance from the  North  Harbour to the  South  Harbour 
is 40 feet wide. Till  the  erection of the new breakwater,  the 
Korth  and Balaclava Harbours were so much exposed to  the 
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waves as  to afford very indifferent mooring ground;  and  the 
trade of the  port was, and still is, for the most part, carried on 
in  the  South  Harbour,  which is being deepened to G feet below 
low-water  spring-tides. The Balaclava Harbour,  and  about  half 
of the  North  Harbour,  are  nearly  dry  at low-water of spring- 
tides,  which  have  an  average  range of 11 feet. The Balaclava 
East Pier, forming a sort of breakwater,  and protected by a parapet 
8 feet  high,  was extended eastwards at  its  extremity for  130 feet 
to  shelter  the  entrance. 

New Works.-In 1857, Mr. Abernethy,  Past-President,  Inst. C.E., 
advised the  Harbour Commissioners to prolong the extension of 
the  Balaclava  East  Pier  eastwards  by a breakwater, 720 feet  long, 
stretching  out to  the  outer  edge of the  Outer  Bush Rock (Plate 6, 
Fig. l>. I n  1872, the  Author reported on the means of providing 
additional accommodation, and  urged  the adoption of Mr. Aber- 
nethy's  design for sheltering  the  harbour. A  Provisional  Order 
was obtained in 1873 to  carry  out  the recommendations of the 
report;  and a loan of S60,000 was granted  by  the  Public  Works 
Loan Commission for the construction of the works. These com- 
prised  a breakwater,  extending east-south-east for 680 feet,  and  then 
turning  to south-east  for  180  feet, and  terminating on the  Outer 
Bush  rock;  and also the  widening of the Balaclava East Pier, 
on the sea side, by 16fr feet  along its whole length of 1,400 feet, 
so as  to  give  width for  a  roadway to convey materials  to  the 
breakwater  without encroaching upon the  quay space or  reducing 
the  area of the basin. As the  breakwater would be exposed to 
the  heavy seas  raised by  north  and  north-east gales, it was designed 
to be formed of a solid mass of concrete in position above low-water, 
30 feet wide, and  having its quay  10  feet above high-water, pro- 
tected  by a parapet 9& feet  high  (Plate G ,  Fig. 7). The addition 
in  width  to  the old pier, being made of solid concrete, preserves 
the  dry  rubble  wall from the sea ; and  the  parapet,  having been 
raised, as on the  breakwater,  193  feet above high-water, affords 
increased  protection to  the  quay  and  shelter to  Ralaclava Harbour 
(Plate G ,  Fig. S>. The works  were  carried out  by Mr. J. H. 
Bostock, M. Inst. C.E., as Resident Engineer,  without  the  aid of a 
contractor ; and  owing  to his absence abroad, details of the  work 
have been supplied by his  assistants, Mr. Aytoun, Assoc.  M. Inst. 
C.E., and Mr. Buchan, to  the  Author for this Paper. Mr. Abernethy 
was  Consulting  Engineer. 

Concrete in Bags.-The portion of the  breakwater below low- 
water level, in  depths  increasing from 2 feet at  the shore end  to 
1 9  feet at  the  outer  extremity,  was formed with  bags of concrete 
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of 28 to 50 tons. Wagons filled with concrete, from four Messent 
mixers  erected on staging, were run down the pier, and  tipped 
their contents into  the well of a hopper-barge, 24 feet long,  6  feet 
broad, and 5 feet 7 inches deep, lined loosely with  strong  jute 
canvas. The bag was sewn up whilst  the  barge was being warped 
to  the place of deposit, where it was moored and  adjusted  by four 
chains  in its exact position ; and  the doors of the hopper being 
released by a trigger,  the  bag fell into its place. I n  most cases 
the canvas  was not  injured  by  the fall. The concrete was a t  first 
made with 1 of Portland cement to 7 of sand  and  stones;  but 
when the extension of the  breakwater increased the  current,  the 
proportion of cement  was augmented  to 1 in 43. 

Concrete  above Low-water.-The breakwater above low-water, and 
the addition to  the pier,  were built  with concrete deposited within 
framing. The portion up to quay-level  was tipped from wagons 
into  the framing, where it was levelled and rammed into  the sides 
by a gang of men. The  framing consisted of half-balk posts, 
8 feet apart,  with  guide  straps on each side, between  which 
shutters of 3-inch planking, 2 feet deep, were slipped;  and  the 
inside  was lined  with  jute sacking. The posts were then braced 
together  by &inch tie-rods as  the concrete  was  carried up. The 
parapets were formed by filling the  framing  with concrete from 
tipping boxes, brought down in pairs on the wagons, and lifted 
by a derrick  crane on an overhead traveller, which  was also used 
in  erecting  the frames. The concrete deposited in position was com- 
posed of l part of cement  to 9 parts of sand and  gravel, or broken 
stones,during  the summer, and 1 to  7 during  the more stormy season. 
Gravel, with a suitable  admixture of sand, was found in  large 
quantities on the beach, about 1 mile north of the  harbour ; and 
when  this  supply failed, stone from a quarry  near  the  mixing 
yard,  after  being crushed,  was  mixed with  half its measure of 
sand. 

Progress of the Works.-The widening of the Balaclava pier was 
commenced at  the  end of 1875;  but  little was done till the  spring 
of 1876, as the  working season was comprised between March and 
October, the  winter  time being  utilized in collecting gravel and 
sand. T t  was completed in October, 1877, and contains 15,300 
cubic yards of concrete. The  breakwater was begun  in  the  spring 
of 1878, and compIe,ted in  the  autumn of 1882. It consists of 15,274 
cubic yards of concrete in bags, and 25,106 cubic yards of con- 
crete  in position, or a total of 40,380 cubic yards of concrete, giving 
an  average  yearly deposit of 8,000 cubic  yards. A 16-foot length 
of breakwater,  the  usual  length of framing erected, employed forty 
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men at  the mixing  stage,  two brakesmen,  four  horses  and four 
clrivers, two locomotive men  for  depositing,  and  forty-four men 
in  the frames, making  a  total of ninety-two  men  and  four horses. 
With favourable  weather, 400 cubic  yards of concrete could be 
deposited in a  day of eight hours. The removal  and resetting of 
the  framing occupied forty-eight  hours, so that  only  two 16-foot 
lengths of breakwater could be completed in  a week. 

Cost of the Works.-The total cost of the works to  the end of 
1882 was as follows :- 

S. 
Preparatory  works,  plant, &C., as  given in Appendix I. . .  12,000 
Widening  Balaclava  pier,  and  extending the breakwater to  

the  Outer  Bush rock . . . . . . . . . . .  59,000 

Total . . . . . . . .  71,000 
Less sum received by sale of plant . . . . . . . .  2,000 

Total cost of works . . . .  $69,000 

The cost of the 9,600 tons of Portland cement  used in  the works 
varied  from 37s. 9d. to 445. per ton,  delivered at  Fraserburgh. 
Some details of its specified qualities  are  given in  Appendix 11. 

The average  price of concrete  work,  per  cubic  yard,  was 17s. in  
the pier, 26s. 5d. in bags in  the breakwater,  and 198. 5d. in frames. 
The concrete in  the pier  was  made with  gravel  and  sand from the 
beach; whereas  stone  quarried,  crushed, and mixed with  sand 
carted  from a distance,  was  mostly  used  for the concrete in  the 
breakwater, which  accounts  for the difference in cost. 

Damage to Works.-Some damage has been done to  the sea face 
of the breakwater in five places,  mostly  between high-  and low- 
water;  and  the  upper  wall of the parapet  was  carried  away in 
one  place (Plate 6, Figs. 2 to  4). The Balaclava  pier also has 
been  abraded  along its sea  face,  and slightly damaged in  one place, 
by  the  shifting of large  stones  against it, backwards  and  forwards. 
Particulars of the  extent and causes of the damage  were  furnished 
t o  the Author by Mr. Buchan, the Superintendent of the Works. 

On the  17th of March, 1883, during  a  strong  northerly gale, 
the sea made a  breach  halfway  through  the  centre of the  outer  arm 
of the breakwater. It began at  the junction of two lengths of 
the superstructure,  and  dislodged the looser shovelled  portions of 
the concrete. Though  the  cut  into  the  superstructure was very 
narrow,  a  considerable part of the finishing  layer of the road- 
way was  forced up, and a good deal of damage  was  done t o  the 
sea  face of the breakwater  by the compressed air, caused by  the 
waves getting  in below the  superstructure  where  portions of two 
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bags had been carried away. The sea, during  the same storm, 
broke off 30 feet of the  upper  parapet wall, 3 feet high  and 
3 feet  thick, about 30 feet  landwards of the angle. The sea 
also made a hole a t  a point about midway along  the  straight 
portion of the  breakwater,  where one or  two foundation bags 
had been broken away soon after  they  had been deposited, which 
was closed up  in 1885. The  other  injuries  to  the sea face were 
due  to  scaling off, resulting from the sea getting  into  the founda- 
tions  and  bursting it out, as  jets of water were noticed coming 
out  at  the  points damaged somo time before the face gave way. 

The damage to  the Balaclava  pier was confined to an abrasion 
of 2 to 3 feet  along  the aea  face, at   the lower end of the  pier, 
for a length of about 200 feet up  to  high-water level, and a 
hole, about 7 feet deep, for  a short distance a t  one place (Plate 6, 
Fig. 5 ) .  

Repairs.-The holes and cavities in  the  breakwater foundations 
have been filled with  small concrete bags inserted by divers. The 
breaches and hollows in  the  superstructure  have been repaired by 
fastening a frame over them,  and  filling up the voids with con- 
crete  having a  much larger proportion of cement than usual. The 
face of the  pier  has been similarly renewed, the  front  being 
studded with  large stones  grouted with cement. The cost of 
repairs was 3539 in  1883, S421 in 1884, and 3224 in 1885, 
making a total of S1,184, or  about 12 per cent. of the total 
cost. 

The  currents  have been somewhat changed  by  the construction 
of the  breakwater, so that a sandbank  has formed between the 
entrance of the  South  Harbour  and  the 10-foot line of soundings. 
The  depth  at  the  outer end of the  breakwater is 21 feet at  Iow- 
water,  diminishing  to 10 feet halfway up the  entrance channel. 

The  Author much regrets  that circumstances have  prevented 
Mr. Bostock from writing a Paper on Fraserburgh  Harbour. 
From  the position he held as Resident Engineer  he is entitled  to 
claim all  the  credit for conducting such an important work to a 
successful completion. TO him the  Author  is  greatly indebted  for 
permission to describe the works. 

SANDHAVEN HARBOUR. 

Sandhaven is situated on the  southern shore of the Moray Firth, 
about 2 miles west of Kinnnird Head. 

Old Harbour.-This harbour, formed by a  pier, 400 feet long, 
projecting  straight  out from the coast, and terminating  with  an 
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arm  in a southerly direction, l50 feet long, enclosing about 1 
acre, was constructed at  the  joint expense of the  Fisheries Board 
and  Sir  John  Stuart Forbes, from designs by  the  late Mr. Joseph 
Mitchell, M. Inst. C.E., Engineer  to  the Board (Plate 6,  Fig. 8). 
The works  were commenced in 1837, and completed in 1841, at a 
cost of about S8,OOO. A natural  channel,  about 150 feet wide, and 
from 3 to 11 feet deep a t  low-water spring-tides, passes inland of 
the pier-head, so that  easy  ingress  and egress is secured for the 
fishing-boats to  the harbour,  except  for  a short  time  at dead low- 
water.  The sea-wall of the  pier  has a flat,  curved batter; it is 
€ounded on hard rock, and formed of large flat-bedded square-dressed 
stones  without  mortar,  and  has  sustained  little damage from the 
sea. It provided  a place where  the boats could discharge their 
cargoes, and were sheltered from gales ranging from north-west 
t o  south-east ; but it was dry  at  low-water  spring-tides. 
New Works.-As the  port is favourably  situated for the  herring- 

fishery, and  the  number of vessels frequenting  the  port  gradually 
increased with  the  great development of t8his  industry,  the present 
proprietor, the Honourable Mr. Trefusis, of Pitsligo,  obtained  a 
Provisional  Order in 1873, for levying dues, and for improving  and 
deepening  the harbour. The works, comprising the erection of the 
mid-jetty  (Plate G ,  Fig. S), the excavation of a large  quantity of 
rock, and  the  underpinning of part of the pier,  were  designed 
and carried out  by  the  Author,  at a cost of 54,300. 

Additional accommodation being  required a few years  later for 
the  increasing  trade,  another  Order was  obtained in 1882 for 
extending  the  harbour,  by enclosing more foreshore by a new 
pier,  deepening a  portion of this area, and forming quays as  shown 
(Plate 6, Fig. 8). The  pier projects from the shore for a length 
of 670 feet, and  then  turning  with  an  arm  in a north-westerly 
direction, 725 feet long,  terminates on the east  side of the  entranco 
channel,  with  an  area of 2,000 square  yards of quay space at  the 
outer end. The  total area enclosed, at  and below low-water level, 
is about 5 acres. 

Construction of Pier.-The pier  was built with  outer  and  inner 
walls of concrete deposited in position, with  intermediate  hearting 
of rock excavations, gravel,  and sand, brought  up  in layers, and 
consolidated by  the traffic over i t   in extending  the work (Plate 6, 
Figs. 9, 10 and 12). The walls are founded on rock,  except  for  a 
length of 400 feet  resting on clay, along which the toe of the  outer 
wall  is protected by a concrete apron 10 feet broad and 18 inches 
thick  (Plate G ,  Figs. 10 and 11). The concrete was made of 1 part 
of  Portland cement, 2 parts of sand,  and 4 of stones. After  the 
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materials  had been mixed, once dry  and  again  when  wet,  the concrete 
was conveyed to  the place of deposit in a cart,  which proved most. 
useful  in  thoroughly  mixing it ; and  then,  after  being  watered  and 
turnec!  over again on a  platform, it was  dropped from barrows into 
the framing. The  framing  was formed with  half-balk posts, 6 feet 
apart,  to  which 3-inch planking  was  nailed  horizontally;  and  the 
opposite posts, on each side, were connected by 2-inch tie-rods, 
secured, a t  each end,  by washers and a wedge key ; and  the  upper 
tie-rod had a tube collar to  maintain  the  proper distance  between 
the posts  when the concrete was being deposited (Plate 6, Fig. 13). 
The  framing  was  set  up  in 24-foot lengths,  and  lined inside with 
canvas ; and as soon as  the concrete had set, the wedge  keys  were 
knocked out, the sides of the  frame were  slipped off the ends of 
the tie-rods by levers at  high-water, and floated ashore. The  tie- 
rods were drawn  out of the concrete in  the narrow walls ; but  in 
the  thick walls, they were left in. The men employed in  erecting 
the  walls consisted of twenty-one at   the mixing  yard,  and  two 
carpenters  and twenty-five  labourers at  the place of deposit. The 
quay was paved with  two 6-inch layers of cement concrete, the 
lower layer  having 1 measure of cement to 5 measures of sand and 
stones, and  the  upper  layer  being composed of 1 part of cement to 13 
of sand, into  which  metalling  was packed and  then grouted ; and  this 
surface has  borne  the  wear  and  tear of the traffic without abrasion. 

A portion of the outer  arm, exposed to a heavy  sea  running 
through a narrow  channel between the rocks, was made of solid 
concrete (Plate 6, Fig. 11). 

As the  extent  to  which  the works  should  be carried  had  not 
been  determined at  the  outset,  no expensive plant  was purchased ; 
and  as it was found, during  the progress of the works, that  the 
cost of concrete per  cubic  yard was rather  less  here  than a t  Fraser- 
burgh  and  other  adjacent places, where expensive  appliances were 
in use, the system of execution  was not altered. With  the excep- 
tion of one foreman in  charge of the works, two  carpenters for 
making  and  erecting  the  framing,  and  two masons for finishing 
off the concrete and  acting  as gangers, all  the work was  carried 
out  by  unskilled labour, and was completed in  the  spring of 
1885. 

Cost of Works.-The 2,700 tons of cement used in  the works 
were  delivered at   an average  price of 40s. 9d. per  ton ; and 15,400 
cubic yards of concrete were deposited in the works, at  an  average 
cost of 18s. per cubic yard.  The 14,700 cubic yards of hearting 
between the walls cost only Is. 6d. per  cubic  yard.  The  total 
cost of the works was as follows :- 

[THE INST. C.E. VOL. LXXXVII.] I< 
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Breakwater,  including  deepening harbour . . .  16.520 
Provisional Order . . . . . . . . . . .  287 
Engineer's  fees . . . . . . . . . . .  700 

E. 

Total . . . . .  517,507 

The Consulting  Engineers  were Messrs. D. and T. Stevenson, 
MM. Inst. C.E. Mr.  Aytoun, Assoc. M. Inst. C.E., was the 
Resident  Engineer  during  the period when  the most important 
part of the works  was in progress. 

PORTSOY HARBOUR. 

A harbour  has  existed  from  time  immemorial at  Portsoy,  which 
is situated on the  south  shore of the Moray Firth,  about 7 miles 
from the  town of Banff. 

West Harbour.-The  old, or west  harbour  stands  near the town, 
in  the north-west  corner of a  small  bay,  between the projecting 
rocks of Dunnie  Point  and  Craig Duff, with  a  depth, at   i ts  outer 
end, of 20 feet at  low-water  spring-tides,  gradually  shoaling  to  a 
dry  sandy beach at   the entrance  to  the  harbour  (Plate 6 ,  Fig. 14). 
The quays,  enclosing an area of 4,000 square  yards  which  is dry 
a t  low-water,  are  built of dry  rubble;  and  the  outer  north-east 
pier, with  a  high  parapet  wall,  shelters  the  entrance  to  the  harbour, 
which is 35 feet wide. 

East Harbour.-As the old harbour was surrounded by  high rocks 
and  by warehouses, it was  impossible to  enlarge i t ;  so that  when 
additional accommodation was needed, a  natural somewhat  sheltered 
pool on the opposite  side of the bay  was  formed  into  a  harbour, 
between 1825 and 1829, by  surrounding it with piers  and  quay- 
walls,  built of dry  rubble masonry. The  east  pier of this  new  east 
harbour  had  a  parapet, 8 feet  thick  and  raised 18 feet  above  high- 
water,  built of well-dressed  masonry set  in  mortar  (Plate 6, Fig. 17). 
The  outer  piers  were exposed to  large waves during  gales  ranging 
between  north-west  and  north-east,  owing t o  the  great  depth of 
water  outside  the  bay.  During  a  great  storm,  a  breach was made 
in  the exposed east  pier,  owing to  the stones  not  having been set 
with sufficient  care ; and it gradually  increased, so that  in 1839 the 
harbour became useless. 

No funds  were  available  for  reconstructing  this  harbour, till in 
1881-2 a company was  formed,  who bought  up  the  port,  and 
obtained  an  Act  for  levying  dues  and  re-erecting  the piers. The 
new  works,  designed  by the Author,  comprised the  repair  and 
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extension of the  east  pier  or  breakwater,  the erection of a new 
north pier, and  the reconstruction and extension of the  west pier 
!(Plate G, Figs. 14 to 16). The proposed length of quays was 230 
yards,  and  the  area enclosed by them 4,300 square  yards ; and powers 
mere obtained to deepen this space to 4 feet below low-water 
spring-tides,  and  to  raise 515,000. As the previous failure proved 
that  the  east  pier  and  part of the  north  pier were exposed to a 
heavy sea, the  Author decided to  build  them solid in  concreto 
(Plate G, Figs. 1 G  and 17) ; and a contract  was  entered  into  with 
Xr. James  Brand, of Glasgow, for the execution of the works. 

Construction of Piers.-A staging was  erected within  the  shelter 
of  the  remnants of the old  east  pier, and  parallel  to it (Plate 6, 
Fig. 17). A platform  ran on wheels  along  this  staging,  and carried 
a %ton steam  derrick crane, with a high 46-foot jib so as  to allow 
the concrete to  be deposited some distance in  front of it, and  the 
parapet  to be raised to its full  height.  The  pier was accordingly 
completed in advance of the  staging  and  the  plant on it, so as to 
afford protection from heavy seas, which enabled  t,he works to 
be completed with very  little damage during construction. The 
framing  in which the concrete was deposited was made with 
upright posts, kept i n  position by cross timbers, to  which  the 
sheeting of planks  was fastened, and  lined  with canvas up  to  high- 
water. 

The concrete-mixing yard  was placed at  the shore end of the 
east pier, from which the concrete was conveyed to $he frames 
along a line of rails  laid on the quay as the work progressed. For 
the work up  to quay-level, the concrete was tipped from small 
wagons, and  spread  and rammed in  by men inside the frames. 
The  high  parapet was formed with concrete deposited from small 
boxes containing  about 1G cubic feet. Two of these boxes were 
placed on a bogie, and, when filled, were run along the  quay  under 
the  jib of the crane, which  lifted  and  swung  them over the frame, 
into  which  their  contents were tipped.  The boxes were  provided 
with  iron  rings, fixed to pivots placed about 1 foot from the bottom, 
and  other appliances,  which enabled the men to  tip  out  the cou- 
crete  very rapidly. With low  ebbs and favourable weather, 
100 cubic yards of concrete could be deposited in one tide, tho 
average  rate being about 60 cubic  yards. 

The whole of the works, with  the exception of the excavation 
below  low-water, were completed in  eighteen months,  which in- 
cluded  two  winters,  at a cost of .€9,000. 

Concluding  Remarks.-The Author is convinced, from his  recent 
experience, that  the proportion of 1 of cement to 9 of gravel  and 

I< 2 
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sand,  adopted at  Fraserburgh,  is too weak  for  such exposed works. 
The proportion he adopted  for  Sandhaven  and  Portsoy, of 1 part of 
cement to 6 parts of gravel  and  sand,  has been  proved t o  form 
concrete of more suitable  strength. All the plans  hitherto  tried 
along the north-east  coast of Scotland,  for  concrete  work below low- 
water,  have  been  more  or  less  inadequate  to  withstand the  strains 
to which  they  are  subjected  during  heavy gales. The  20-ton block 
system used at  Aberdeen Breakwater  has  not been so successful as 
was  anticipated ; and  the  facts  given  in  this  Paper show that even 
the 50-ton  bags  cannot  be  considered  perfect. 

The  Paper is illustrated  by six tracings, some of the Figs. on 
which  have been reduced  and  arranged to form Plate 6. 
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APPENDIXES . 

APPENDIX ~.--FRASERBURGH HARBOUR . 
Cost of Plant and Preliminary Wwks . 

Yard  in  Castle  Park 242 
Access to works . . . . . . . . . . .  342 
Rail  laying . . . . . . . . . . . .  608 
Rails . . . . . . . . . . . . . .  1, 309 
3-ton  crane for widening pier . . . . . . .  255 
5-ton crane for breakwater . . . . . . . .  438 
Eighteen wagons and two bogies . . . . . .  690 
Concrete mixing machinery : four Messent mixers . 762 
Driving.gear, with  an S HP . engine . . . . .  218 
Stone-breaker . . . . . . . . . . .  449 
Locomotive, 12 HP . . . . . . . . . .  554 
Rock-drilling  apparatus . . . . . . . .  560 
Breakwateftraveller . . . . . . . . .  548 
Hopper-barge . . . . . . . . . . .  1. S71 
Cement stores . . . . . . . . . . .  594 
Concrete-mixing staging . . . . . . . .  607 
Small stores . . . . . . . . . . . .  344 
Shops for blacksmith  and  carpenter . . . . .  145 
Roads . . . . . . . . . . . . .  145 
Sundry  small plant . . . . . . . . .  620 
Weigh-bridge  and house . . . . . . . .  152 

S . . . . . . . . . .  

211. 453 

Say SI3. 000 

APPENDIX 11.-FRASERBURGH HARBOUR . 
Portland Cement . 

The  Portland cement, supplied for the harbour works. was required  to weigh 
between 108 and 116 lbs . per striked bushel. and to be of such  strength  that  test 
bricks. having  a minimum area of 28 square inches. seven days old. and immcrsed 
in water  as soon as possible after manufacture. should  be  capable of bearing a 
tensional  strain of 350 lbs . per square  inch . It had also to be ground film 

enough for 90 per cent., by weight. to  pass through a sieve of 2. 500 meshes to  
the  square inch . 

Downloaded by [ Purdue Univ Lib TSS] on [16/09/16]. Copyright © ICE Publishing, all rights reserved.



S H O W I N G   D A M A G E .  2- 

B R E A K W A T E R .  SECTION O N  A . A .  

S E C T I O N  OF B A L A C L A V A '  P I E R ,  , 

S H O W I N G  WIDENING WITH T R A V E L L E R  & C R A N E .  

Downloaded by [ Purdue Univ Lib TSS] on [16/09/16]. Copyright © ICE Publishing, all rights reserved.


